Abstract β-glucosidase (E.C. 3.2.1.21), an enzyme involved in cellulose degradation, plays an important role in the soil organic carbon cycle. Cellulose is the most abundant organic compound in the biosphere so a product of its enzymatic hydrolysis is important as an energy source for soil microorganisms. Since β-glucosidase is very sensitive to different factors, determination of its activity might be helpful in soil quality monitoring. The objective of the study was to assess the effect of various doses of farmyard manure (FYM) and mineral nitrogen on β-glucosidase activity in soil samples taken under winter wheat cultivated in crop rotation systems depleting soil from organic matter (A) and enriching soil in organic matter (B). Soil samples were taken in 2002 from a two-factor fertilization experiment carried out as randomized sub-blocks cropped with winter wheat cultivated on lessivé soil. The experiment was located at the Experimental Station of the Institute of Tillage and Soil Science in Grabowo on the Vistula River. All fertilization combinations included FYM (0, 20, 40, 60 and 80 t . ha -1 ) and nitrogen fertilization (0, 40, 80 and 120 kg ha -1 ). The activity of β-glucosidase was determined according to Eivazi, Tabatabai (1988) . The enzyme activity ranged 3.604-7.041 mM pNP g -1 h -1 in soil samples taken from crop rotation A and between 4.931-7.445 mM pNP g -1 h -1 in those collected from the crop rotation enriching the soil in organic matter. These data were closely related to the applied FYM and nitrogen fertilization doses. Moreover, β-glucosidase activity depended significantly on sampling dates. Enzyme activity was closely connected with soil organic carbon and total nitrogen content, which was confirmed by highly significant correlation coefficients between these parameters (r=0.611-0.770 for C org, and r=0. 844-0.912 for N og ; p<0.01 and p<0.001).
INTRODUCTION
A group of cellulolytic microorganisms producing a specific enzyme complex is responsible for cellulose degradation, the most abundant organic compound in the biosphere (RUSSEL et al. 2005) . This complex of enzymes hydrolyzing cellulose consists of endocellulases (endo-β-1,4-glucanase), which randomly cleave β-1,4-glucosidic linkages in the cellulose chain, exocellulases, which release cellobiose (and other celloligosaccharides) from non-reducing ends of cellulose molecules and b-glucosidase (EC 3.2.1.21), which catalyses the degradation of cellobiose to two molecules of glucose and releases glucose from non-reducing ends of celloligosaccharides (RAPA, BEERMANN 1991) . Thus, β-glucosidase activity plays a crucial role in the C cycle of soils and the product of its enzymatic hydrolysis is important as an energy source for soil microorganisms (TABATABAI 1994 , BANDICK, DICK 1999 , JIMÈNEZ et al. 2007 .
One of the main anthropogenic factors affecting soil enzymatic activity is fertilization, both organic and mineral. Organic fertilization, mainly with farmyard manure, beneficially increases organic carbon and nitrogen con-centrations in soil and affects the quality and quantity of organic matter (JARECKI, KRZYWY 1991) . Thus, fertilization has crucial influence on soil biological status and the enzymatic activity. Since b-glucosidases are proteins which are very sensitive to different natural and anthropogenic factors (BAN-DICK, DICK 1999 , GIANFREDA, RUGGIERO 2006 , determination of their activity might be helpful in monitoring soil quality, especially soil subject to differentiated organic and mineral fertilization in various crop rotations.
The objective of the study was to assess the effect of various doses of farmyard manure (FYM) and mineral nitrogen on β-glucosidase activity in soil samples taken under winter wheat cultivated in crop rotation systems depleting and enriching the soil in organic matter.
MATERIAL AND METHODS
Soil samples were taken in 2002 from a two-factor fertilization experiment carried out as randomized sub-blocks located at the Experimental Station of the Institute of Tillage and Soil Science in Grabowo-on-the-Vistula, cropped with winter wheat cultivated on lessivé soil. Soil material was collected from the surface horizon of soil from crop rotation systems depleting (A) and enriching (B) the soil in organic matter. Soil was sampled three times in each vegetation season of winter wheat (at the end of Marchdate I, mid-May -date II, mid-July -date III) and after harvest (the beginning of September -date IV). The crop rotation systems applied in both experiments are given below: The fertilization combinations of every sub-block included FYM (0, 20, 40, 60 and 80 t ha -1 ) and nitrogen fertilization (0, 40, 80 and 120 kg ha -1 ). β-glucosidase activity was determined according to EIVAZI and TABATABAI (1988) . The method is based on the spectrophotometrical measure of p-nitrophenyl (pNP) released after 1 hour of incubation of soil samples at 37 o C with pnitrophenyl-β-D-glucopyranoside (pNPG) in modified universal buffer (pH 6.0) as the substrate. The enzyme activity was expressed as mmoles pNP released kg -1 dry soil per 1 hour (mM pNP kg -1 h -1 ). Soil chemical properties, such as organic carbon content (C ORG ), total nitrogen content (N TOT ) and pH in 1 mol KCl dm 3 , were determined according to standard methods accepted in soil science.
RESULTS AND DISCUSSION
Soil samples collected from both crop rotations had acid to slight acid reaction. The pH values measured in 1 mol KCl . dm 3 ranged 4.5-6.1 for soil samples from crop rotation A, while the corresponding values for experiment B ranged 4.9-6.1. Total nitrogen content reached 0.889-1.005 g kg -1 in soil material collected from the experiment enriching soil with organic matter, and 0.826-1.029 g kg -1 in soil samples taken from crop rotation A (mean values for FYM and nitrogen fertilization doses). Increasing FYM doses significantly increased the total nitrogen content in the soil samples collected from both investigated crop rotations. However, no significant influence of nitrogen fertilization on total nitrogen concentration was shown in soil samples from either crop rotation.
β-glucosidase activity (Table 1 ) was higher in soil samples taken from plots of the experiment enriching the soil with organic matter as compared with the activity found in the soil material taken from the crop rotation system depleting the soil from organic matter. The results indicated the importance of incorporating plants of the fabae family in a crop rotation system and the influence of plant residues left behind in the soil as a result of intercrop cultivation on the soil's biological activity status.
The enzyme activity ranged from 3.604 to 7. 041 mM pNP g -1 h -1 in the soil samples taken from crop rotation A and from 4.931 to 7.445 mM pNP g -1 h -1 in those collected from the crop rotation enriching the soil with organic matter. These data were closely related with the FYM and nitrogen fertilization doses applied (Table 1 ). The enzyme activity was modified by farmyard manure fertilization to a higher degree than by mineral nitrogen. Organic fertilization caused an increase in β-glucosidase activity by enhancing the abundance of a microbial population, which is the main source of the enzyme in soil (MARCOTE et al. 2001 , BÖHME, BÖHME 2006 .
For most of the soil samples, it was shown that higher FYM doses were accompanied by higher β-glucosidase activities. The biggest difference between the enzyme activity in the control soil sample and samples from the plots fertilized with the maximum FYM dose (80 t ha -1 ) was noted in experiment A (an increase from 41% to 46%, as dependent on N doses) in comparison with the corresponding samples from crop rotation B (an increase from 22% to 43%, as dependent on N doses).
No clear influence of the applied nitrogen doses on soil β-glucosidase was found. However, when FYM was not applied, increasing doses of nitrogen fertilization clearly elevated the enzyme activity in the soil samples from both crop rotations.
In the soil samples from both experiments, whenever FYM was applied, increasing N fertilization doses did not cause any increase in β-glucosidase activity, which in some cases even decreased significantly, especially when FYM was applied in the doses of 60 and 80 t ha -1 . No clear tendency describing the influence of nitrogen fertilization on soil enzymatic activity has been reported in earlier papers. The way nitrogen fertilization affects soil enzymes depends, among other factors, on the kind of fertilization, dose of the fertilizer, the time of its application and the individual character of an enzyme (GIANFREDA, RUGGIERO 2006) . For instance EIVAZI and TABATABAI (1990) showed that application of N-NO 3 in various doses partly inhibited β-glucosidase activity, while in a greenhouse experiment with corn, the enzymatic activity was directly proportional to the N-NH 4 NO 3 amount applied over 164 days of the experiment (FAUCI, DICK 1994) . According to DICK et al. (1988) enzymatic activity is not directly related to the N cycle (as the β-glucosidase activity). In their experiment, it did not correlate with nitrogen fertilizers used in various doses.
Moreover, β-glucosidase activity depended significantly on the sampling dates ( Figure 1 ). The enzyme was less active in the soil samples taken on sampling dates I and II in the experiment where soil was enriched with organic matter as compared with the soil samples collected in the summer and autumn. The opposite was noted for the soil samples taken from crop rotation B, where the activity was the lowest in the samples collected on sampling dates III and IV.
No significant influence of nitrogen fertilization on organic carbon content was proved, although it was essentially modified by FYM doses in soil samples from both experiments (Table 1) . In most soil samples, along with an increase in the FYM dose, the organic carbon content increased as well. Positive influence of farmyard manure fertilization on the organic carbon content, as well as the accumulation, mineralization and humification of Fig. 1 . β-glucosidase activity in soil samples taken from crop rotation systems A and B as dependent on sampling dates organic matter, has been shown by many researchers (JARECKI, KRZYWY 1991 , MAAEKOWIAK, ¯EBROWSKI 1999 , MERCIK et al. 2004 ). β-glucosidase activity, which plays a key role in the soil carbon cycling, was closely connected with the organic carbon content in the soil samples taken from both experiments on all sampling dates. Correlation coefficients between the discussed parameters ranged between r = 0.611 and r = 0.770, with p < 0.05 and p < 0.001, respectively. SIMILARLY, BÖHME and BÖHME (2006) obtained significant and positive correlation coefficients between β-glucosidase activity and organic carbon content in soil samples under spring barley and sugar beets cultivated in a long-term fertilization experiment (r = 0.965 and 0.954 with p < 0.001, respectively). Some other trials have also produced evidence for a significant relationship between soil β-glucosidase activity and organic carbon content (EIVAZI, TABATABAI 1990 , BANDICK, DICK 1999 . According to LANDGRAF and KLOSE (2002) , soil β-glucosidase activity is closely related to the content of easily soluble organic carbon. Moreover, soil β-glucosidase activity was significantly and positively correlated with total nitrogen (r = 0.844-0.912, p < 0.001) and pH in KCl (r = 0.632 = 0.773; p < 0.05 and p < 0.001), but only in soil samples collected from systems depleting the soil from organic matter (B).
CONCLUSIONS
1. Higher β-glucosidase activity observed in the soil samples taken from the systems enriching the soil with organic matter as compared to the values measured in the crop rotation depleting the soil from organic matter indicated the importance of plant residues introduced into soil as a result of intercrop cultivation as well as the significance of cultivation of the fabae plants in the soil enzymatic activity status.
2. Organic carbon and total nitrogen content as well as soil β-glucosidase activity in soil samples taken from both crop rotations coincided with increasing FYM doses.
3. No clear tendency was observed in the β-glucosidase activity as influenced by increasing nitrogen fertilization doses. Moreover, nitrogen fertilization did not influence significantly organic carbon and total nitrogen content in the soil samples collected from both crop rotation systems.
4. While soil β-glucosidase activity was characterized by seasonal variability, there was no clear direction in the enzyme activity when the soil samples from both experiments were compared.
